Polyphosphate of average chain length corresponding to 10 phosphate units was detected in the mycelial extract of zygomycetes. Gel electrophoresis techniques commonly used for the separation and characterization of acidic mucopolysaccharides were successfully used for the detection, purification, and characterization of the polyphosphate.
Polyphosphates have been known to occur in numerous filamentous fingi and in yeast. The polyphosphates obtained from these organisms cover a wide range of molecular sizes. Thus, polyphosphates of up to 10 phosphate units (Pi) have been detected in acid extracts together with material of much higher chain length (for a review, see reference 8).
The methods commonly used for the detection, characterization, and molecular weight determination of these compounds involve rather elaborate techniques that are neither rapid nor suitable in small-scale preparations (7, 8) .
The present paper reports the presence of polyphosphate of low molecular weight in the mycelium of three species of zygomycetes. Furthermore, it reports for the first time the application of microelectrophoretic techniques used in the analysis of acidic mucopolysaccharides for the detection and characterization of polyphosphates. MATERIALS The cultures of zygomycetes were maintained on Difco potato dextrose agar slants, and the oomycetes were maintained on Seymours MSPS-agar medium (15) . The liquid medium used for large-scale cultures was Hesseltine's synthetic medium (9) without agar for the zygomycetes and Seymour's MSPS (15) for the oomycetes. Actively growing mycelia were transferred to Erlenmeyer flasks containing up to 40 ml of the appropriate medium and were maintained for 3 to 4 days at 22°C in the dark. The cultures were then disrupted with a Waring blender for 30 s, and 2.5-ml portions of the suspension were inoculated into larger Erlenmeyer flasks containing 100 to 250 ml of the same medium. These cultures were grown for 5 days under the same conditions, harvested by filtration, and washed three times with cold distilled water. The cultures were shaken only occasionally.
For the growth in the presence of 3P, the general procedure was the same except that the liquid cultures (250 ml of medium) received an addition of 150 Iul (total, 0.25 ,Ci) of carrier-free NaH232PO4 (Instituto de Energia At6mica, University of S&o Paulo) on day 3 of incubation.
Extraction and purification procedures. The washed mycelia were homogenized with cold water in a Virtis 45 homogenizer. In some instances, the mycelia were either extracted by maceration with sand in a mortar or subjected to sonic treatment with an Insonator model 500 sonic oscillator for 5 minutes intermittently, after homogenization, without any significant difference from the previous procedure. The homogenates were centrifuged at 1,000 x g for 30 min, and the supernatants were precipitated by the addition of either 2 volumes of ethanol or 5% cetyltrimethylammonium bromide (CETAVLON; BDH Chemicals Ltd., England), in the proportion of 1.7 ml/100 ml of extract, to which was added NaCl up to approximately 0.7%. After standing overnight at 50C, the precipitates were harvested by centrifugation. The ethanol precipitate was washed with 95% ethanol and dried. The CE-TAVLON precipitate was resuspended in 2 ml of 10% sodium acetate plus 1 drop of ammonium hydroxide (final pH, approximately 11) and centrifuged. The supernatant fluid was acidified to pH 5.0 with HCI, precipitated with 2 volumes of ethanol at 50C, washed with ethanol, and dried. Samples of the extracts were dissolved in water and subjected to agarose gel electrophoresis in gel slides (7.5 by 5 cm) essentially as described by Jaques and co-workers 1408 VOL. 127, 1976 (11) for heparin, and by Dietrich and Dietrich (2) for other acidic mucopolysaccharides. Semipreparative agarose gel electrophoresis (50 mg of crude extract) was performed using a comparatively longer (20 cm) and thicker gel slide (3). After the run, a small longitudinal strip of the gel was stained with toluidine blue and the remainder was cut transversally according to the location of the spots in the guide strip. The fractions were then eluted by freeze-thawing according to Dietrich et al. (3) .
Purification of polyphosphate was also performed by diethylaminoethyl (DEAE)-cellulose chromatography using a 32P-labeled extract. A 250-mg amount of the crude extract (containing approximately 1,000,000 cpm Of 32p) was diluted in 10 ml of water and chromatographed in a DEAE-cellulose column eluted by stepwise addition of NaCl of increasing concentrations. Portions of the fractions were analyzed by scintillation counting, metachromatic reaction with toluidine blue, and ultraviolet (UV) absorption at 260 nm. The 32P-labeled fractions devoid of UV-absorbing compounds were precipitated with CETAVLON and obtained as sodium salts, as described for the crude extract.
Analytical procedures. Total and labile phosphates were determined by the method of Fiske and SubbaRow (6) , pentoses by the method of Mejbaum (13) as modified, proteins by the procedure of Lowry et al. (12) , and total carbohydrates by the anthrone method (16) . Molecular weight determinations were performed by polyacrylamide gel electrophoresis essentially as described by Hilborn and Anastassiadis (10) for the molecular weight determination of acidic mucopolysaccharides, except that gel slabs were used instead of cylinders. Paper chromatography of polyphosphates was performed by using Ebel's no. 1 solvent system (4) and the system described by Ohashi and Van Wazer (14) . The spots were detected in the paper by the acid molybdate reagent (1).
Synthesis of standard polyphosphate. Sodium decaphosphate was prepared according to Felter and co-workers (5). The average molecular weight of the synthesized compound was determined by polyacrylamide gel electrophoresis and corresponded to a polyphosphate with an average of 10 to 12 Pi.
RESULTS
Detection of polyphosphates by agarose gel electrophoresis. Figure 1 shows a microelectrophoresis slide of extracts of nine species of phycomycetes. The zygomycetes Mortierella alpina, Mucor javanicus, Zygorrhynchus exponens, and Choanephora cucurbitarum showed the presence of metachromatic substances migrating toward the positive electrode. C. cucurbitarum showed the largest quantity of the metachromatic material. The relative amounts of metachromatic compounds in the extracts apparently did not bear any relationship to the amount of other toluidine blue-staining compounds (nucleic acids) extractable under the same conditions. The electrophoretic migration of the metachromatic compounds varied from POLYPHOSPHATE IN ZYGOMYCETES 1409 species to species. Slowly migrating compounds (unknown) were found in Mortierella, Mucor, and (possibly) Zygorrhynchus, whereas fastmoving compounds (polyphosphates) were found in Mucor, Zygorrhynchus, Choanephora, and (possibly) Mortierella. The oomycetes Pythium, Achlya, and Phytophthora did not show the presence of these compounds even when the agarose slides were loaded with five times as much extract.
The species that showed metachromatic substances plus two of the species that did not show them in the previous extraction were grown in the presence of 32P-labeled monobasic sodium phosphate. The amounts of phosphate and 32P labeling obtained are given in Table 1 Fig. 2 . Only C. cucurbitarum showed a large incorporation of 32P into the metachromatic compound. The other species showed neither much labeling nor much of the metachromatic fractions (except for Mucor and Zygorrhynchus, when the slides were loaded with the equivalent of 20 to 30 ug of total phosphate, as in Fig. 1) . Therefore, the extract from Choanephora was used for further studies. Purification and characterization of the polyphosphate. The polyphosphate from Choanephora was purified by DEAE-cellulose chromatography as shown in Fig. 3 . The bulk of the polyphosphates (metachromatic, UV-nonabsorbing, 32P-labeled fractions) were eluted at concentrations of NaCl around 0.5 M (fractions 60 to 68). Fractions 62 and 65 were precipitated with CETAVLON as described in Materials and Methods and subjected to agarose gel electrophoresis. Each fraction showed one single 32P-containing spot and metachromasy. The quantitative determination of phosphate in these fractions (Table 2) showed the presence of labile phosphate which corresponds to the total phosphate present in that fraction. Ribose determination gave negative results. The fractions were also devoid of carbohydrates and proteins (Table 2) .
Alternatively, the polyphosphates were purified by semipreparative agarose gel electrophoresis. Fraction 5 of this preparation showed one single metachromatic spot with the same electrophoretic migration and chemical composition as fraction 62 from DEAE-cellulose (Fig. 4 and Table 1 ).
The metachromatic 32P-labeled compound (fraction 62) was labile to 1 N HCI treatment at 100°C for 10 min (Fig. 5) , yielding inorganic phosphate, as shown by paper chromatography of the hydrolysate (Fig. 6) and by colorimetric determinations.
Molecular weight determination. Paper chromatography in Ebel's solvent system (Fig.  6 ) indicated that the polyphosphate contained 10 or more Pi, since the original polymer did not move from the origin (4, 18). In the solvent described by Ohashi and Van Wazer (14) , the compound migrates with an Rf identical to that of the 10-Pi standard. The molecular weight, determined by polyacrylamide gel electrophoresis, gave an average value of 780, thus indicating a polyphosphate with an average chain length of 10 Pi. 10000 with the production of inorganic phosphate and loss of metachromasy; (vi) same chromatographic migration as standard polyphosphate; and (vii) absence of pentose and UV-absorbing compounds. The average molecular weight of the polyphosphate from Choanephora was 780, which accounts for an average of 10 Pi. The polyphosphate was extractable with cold water, suggesting that the compound is not bound to other molecules in the mycelium of these fungi.
The analysis of the compound was performed by using mainly agarose gel electrophoresis, polyacrylamide gel electrophoresis, and precipitation with quaternary amines, which are common techniques used in the study of acid mucopolysaccharides (2, 3, 11) . The agarose gel electrophoresis permitted the detection of metachromatic compounds present in minute amounts in some species (less than 20 to 30 ug of total phosphate) and could be useful in the screening of these substances in microbial extracts. Furthermore, it permitted rapid purification of polyphosphate comparable to that obtained by DEAE-cellulose chromatography. It is noteworthy that none of the oomycetes analyzed showed this compound even in heavily loaded slides. It has been observed that in Achlya pseudoradiosa Rogers 
